We show that in 3-3-1 models the existence of a Landau-like pole in the coupling constant related to the U(1) X factor, g X , in a certain value of sin 2 θ W , arises only assuming that the condition to match the gauge coupling constants of the standard model, g 2L , with that of the 3-3-1 model, g 3L , is valid for all energies. However, if we impose that this matching condition is valid only at a given energy, say µ = M Z , the pole arises when sin 2 θ X (µ LP ) = 1, which is the only weak mixing angle in the models. The value of µ LP depends on the energy scales, µ m and µ 331 , in which the matching and the 3-3-1 symmetry is fully realized, respectively. We also show that g 2L and g 3L have different running with energy. Therefore, differently from what is usually assumed in the literature, these couplings can not be considered equal for all energies. As a consequence, the fermion couplings with neutral vector bosons are different if we write them in terms of sin θ X instead of sin θ W .
I. INTRODUCTION
Currently there is no doubt that models with SU(3) C ⊗ SU(3) L ⊗ U(1) X gauge symmetry (3-3-1 for short) are interesting candidates for physics beyond the standard model (SM). As in the SM, 3-3-1 models have three couplings: g s related to SU(3) C , g 3L related with SU(3) L , and g X corresponding to the U(1) X factor, and we can define an angle as tan θ X = g X /g 3L . Since the early nineties, it has been known that all these models have a Landau pole in the coupling g X which occurs at an energy that depends on the representation content of the model. In the case of the minimal 3-3-1 model (hereafter m331 for short) [1, 2] , which is called minimal in the sense that only the known leptons are in triplets of SU (3), (ν l , l, (l c )) L ; l = e, µ, τ, the relation
(s 2 W ≡ sin 2 θ W ) implies that the pole accurs when s 2 W (µ LP ) = 1/4, where µ LP is the energy scale at which the coupling g X goes to infinity, and the model becomes non-perturbative. Eq. (1) is also valid in the 3-3-1 model with heavy leptons (331HL for short) in which the lepton sector includes heavy charged partners (ν l , l, E + ) L ; l = e, µ, τ [3] .
The existence of a Landau-like pole at a given energy µ LP is more restrictive in the models of Refs. [1] [2] [3] , since it has been shown that s 2 W (µ LP ) = 1/4 [4] at energies of a few TeVs, i.e., µ LP ≈ 4 TeV [5] . However, such a pole does exist but not at a given value of s 2 W but in the angle that appears in the model, s 2 X ≡ sin 2 θ X .
Here we will show that the existence of the Landau pole in g X when s 2 W = 1/4, is due to the imposition of the matching conditions g 3L = g 2L and that in Eq. (1) are valid for all energies.
On the other hand, we will assume that these conditions are valid only at a given energy, say µ = µ matching ≡ µ m . In this energy scale, we change the symmetry of SM to symmetry 3-3-1, but only considering the degrees of freedom that are common to SM. The Landau pole in g X occurs when s 2 X = 1 at greater energies than it has been thought before.
The outline of this paper is as follows. In Sec. II we review the origin of the Landau pole in the coupling g X in the context of the m331 model. In Sec. III we calculate the running of s 2 X using the renormalization group equations given in the Appendix A. In Sec. IV we calculate the lepton neutral couplings with Z 1 and Z 2 . The Sec. V is devoted to our conclusions.
II. THE ORIGIN OF THE LANDAU POLE
Let us first review the origin of the Landau pole in the 3-3-1 models considered here. In the m331 it was shown that the electric charge e is related with the coupling g 3L of SU(3) L and g X of U(1) X as follows [1] 
The relations in Eq. (2) substitute e = g L s W and e = g Y c W in the SM, respectively, but notice that there is no θ W angle in the model, only θ X .
Assuming that g 3L (µ m ) = g 2L (µ m ), and the condition
we obtain s 2 
, where we have used the s 2 W = 0.23129 [6] , choosing the central values.
The pole also arises as follows: using the relation 1/e 2 = 4/g 2 3L + 1/g 2 X among the electric charge and the coupling constants g 3L and g X , the matching condition with the SM is now introduced by defining 1/g 2 Y = 3/g 2 3L + 1/g 2 X and assuming g 3L = g 2L ≡ g, and using tan θ W = g Y /g we obtain the relation in Eq. (1) [4] .
However, in the context of the m331 model only the matching conditions with the electric charge in Eq. (2) does exist, and we can rewritten them as follows:
Notice from these equations that, when s 2 X → 1 then c X → 0 i.e., α X → ∞. Hence, the Landau-like pole arises now in the angle θ X , which is in fact the only electroweak angle in this model. Next, we calculate the energy at which the Landau pole arises when s 2 X (µ LP ) = 1 and using the initial value s 2 X (M Z ) = 0.7555. As discussed above, µ m is the energy at which α Firstly, considering only the SM-like degrees of freedom and symmetry and using s 2 W (µ) = 1/(1 + α 2 /α Y ) and the matching in Eq. (3), we obtain:
The running of s 2 X given by Eq. (5), using the coefficients in Eq. (A3), is shown by the thick continuous (black) curve in Fig. 2 . Notice that in this case the Landau pole arises at an energy of µ LP ≈ 3.6 TeV. This value is near the value obtained in Ref. [5] .
Secondly, when the symmetry is the 3-3-1 we use
and proceed as follows. When µ m ≤ µ ≤ µ 331 we use the b i coefficients given by Eq. (A4), when only the triplet η is considered, and the coefficients given by Eq. (A5), when both triplets η and ρ are taken into account. In these cases, which we consider as an interemediate stage, the running of s 2 X in Eq. (6) is shown by the lower thin (black) curves in Figs. 2a and 2b, using Eqs. (A4) and (A5), respectively. In the first case the Landau pole would arise at 333.4 TeV, and in the second case at 124.6 TeV. These lower thin (black) curves will be used for comparing with the subsequent cases: when µ > µ 331 we will consider the full 3-3-1 symmetry and all its degrees of freedom, given by Eq. (A1) and the coefficients given by Eq. (A6).
The latter cases are shown in It is interesting to note that in the m331 model, at least in the lepton sector which involves only the known leptons, the 3-3-1 symmetry could completely replace the SM symmetry. In this case, the Landau pole is reached at energies greater than those obtained here. On the other hand, the energy scale µ 331 should be near the mass of Z 2 . See below.
IV. NEUTRAL CURRENTS
In the previous section we have shown that there is no a priori a fixed energy scale at which the Landau-like pole arises. It depends on the energy at which the new degrees of freedom of the model are excited.
If the weak mixing angle in the model is θ X it is s 2 X , and not s 2 W , which must appear in the neutral current couplings,g i V,A . For instance, let us consider the neutrino and charged leptons couplings with Z 1 ≈ Z and Z 2 ≈ Z which in general are parametrized as
with ψ i = l i , ν i , u i , d i and the couplingsg i V,A and f i V,A being usally written in terms of the weak mixing angle s 2 W . The full analytical couplings are given, without introducing s W , by
for the lepton couplings with Z 1 , and
for the lepton couplings with Z 2 . Wherev 2 
and 3A = 1 +v
with B > 0. Notice that in the m331 model in the lepton sector there is no flavor changing neutral currents (FCNCs) mediated by the vectors Z 1,2 . This is not the case in the quark sector. However, in the lepton and quark sectors, there are FCNCs mediated by neutral scalars.
In Fig. 3 we show, as functions of v χ and for several values of v ρ , the lepton neutral couplings defined in Eq. (8) . Since in the Lagrangian in Eq. (7) does not appear c W , andg V,A are functions that are not equal to the SM function, in Fig. 3a we plotg Figs. 3b and 3c , respectively, which are the couplings that have to be compared at the Z-pole. From Fig. 3 it is clear that for values of v ρ near 54 GeV give the values of these parameters are compatible with their measured values, even at tree level. This result was predicted in Ref. [7] .
In this case, the radiative corrections in the context of the m331 model must be small since the values of these parameters are already consistent with the experimental measurements at the Zpole. Other values of v ρ are also allowed but in those cases, as in the SM, radiative corrections are necessary to fit the experimental values. In Fig. 4 we show the neutral lepton couplings with Z 2 : At the Z-poleg i V,A and f i V,A written in terms of s 2 X as in Eqs. (8) and (9) or written in terms of s 2 W as in Ref. [7] have the same values. However, when we consider the running of these couplings with energy it is possible to notice differences when we use s 2 X instead of s 2 W . This is shown in Figs. 5. The neutral couplings in Ref. [7] are indicated in that figure as "closing" while those in Eqs. (8) and (9) are calculated for the same values of µ 331 as in Fig. 2a i.e., considering only one scalar triplet, η. The curves in Figs. 5a and 5b actually end at the upper end, which is the energy at which the Landau pole is reached. That is, for larger energies the neutral couplings, G i V,A , remain constant when the energy µ is larger than µ LP , at least from the perturbative point of view. For example, the curve "closing" in Fig. 5a indicates that the couplings G ν V,A has no meaning for energies larger than 3.6 TeV, at least perturbatively, and if µ 331 = 4.0 TeV, the dot-dot-dashe (pink) curve G ν V,A has no meaning only after 43.8 TeV.
Next, let us consider the neutral vector boson masses, here denoted as Z 1 and Z 2 . They are given by [7] 
V. CONCLUSIONS
The main result of this paper is that, if the gauge couplings matching scale is equal to M Z , then the Landau pole may be in the range 3.6 ≤ µ LP ≤ 333.4 TeV. Thus, the Landau pole energy obtained in [5] was in fact a lower limit for such an energy. The study may be improved by considering the different particle thresholds below and above the M Z scale. The crucial point is when the use of the full 3-3-1 symmetry is considered. In the limit in which the m331 (in which the leptons are the same as the SM) replaces completely the SM at low energies, there is no matching condition, both models coincide numerically only at the Z-pole.
The phenomenology of the neutral currents in the m331 has been considered in literature. For instance see Refs. [7] [8] [9] [10] [11] . However until now t 2 , as defined in Eq. (1), has been used in such a way that neutral current couplings,g's and f ' in Eq. (7), depend only on s 2 W since the matching in Eq. (3) is supposed to be valid at any energy. Far from this energy, the running of s 2 X (µ) has to be taken into account. The complete set of neutral current couplings and the phenomenological consequences in this and other 3-3-1 models will be given elsewhere.
The existence of Landau pole just indicate that the theory is non perturbative for energies larger than of the pole and, for these energies, new degrees of freedom has to be taken into account. In the present case they could be new stable exotic resonances as those considered in Ref. [12] . Another possibility, in fact much more interesting, is that before reaching the Landau pole the symmetry is enlarger and new gauge bosons arise preventing the arrival at the pole. For example [SU(3)] 3 in which U(1) X → SU(3) X ; or we can add new scalars or fermions in the adjunt representation to the minimal representation content of the models.
Finally, we stress that, as can be see from Figs. 3a -3c, if v ρ 54 GeV and v χ is larger than 1.6 TeV, the m331 model at tree level, could never had been distinguished from the SM at LEP. In this appendix we show the representation content of the m331 model and the β-coefficients for the particle content relevant for our analysis.
The representation content of the m331 is as follows: three left-handed lepton triplets, ψ i , two left-handed quark anti-triplets Q a , one left-handed quark triplet Q 3 , six singlets, three righthanded u-type and three right-handed d-type, plus three right-handed quarks j a and J R . Three scalar triplets η, ρ, and χ, and a scalar sextet S. The gauge bosons are W ± ,V ± ,U ±± , A, Z, Z , and gluons. Under the 3-3-1 symmetry fermions and scalar transform as follows:
The running of α −1
i coupling constants at one loop level is given by fig. 2a we consider only the triplet η and in Fig. 2b we consider both triplets, η and ρ.
Considering only the η, we have (i = U(1) X , SU(3) L , SU(3) C ) :
and with both triplets,
For the full particle content of m331 model embedded in the full 331 symmetry, we have 
